In this paper, a block-centered difference method is presented for RLW equation in the bounded domain. The theoretical analysis shows that the scheme is convergent and we get the discrete L 2 -norm errors in both the approximate solution and its first derivatives for all nonuniform grids.
Introduction
Regularized long wave equation which is also referred to as RLW equation occupies an important position in the research of soliton theory and the physical problems of nonlinear wave. There is some research about the regularized long wave equation, such as the finite element and finite difference -streamline method. However, these methods can only obtain approximate solution of equation. While the block-centered difference method it can get both the approximate solution and approximate solution of the first derivative of the equation. This paper adopts the block-centered difference method to construct the format which can help us obtain the error estimation O(τ + h 2 ) and the solution of the equation has good convergence and steadiness.
Consider the following initial-boundary value problem of RLW equation:
where δ is a positive constant, Ω = (0, 1),and α, f, u 0 are functions have been given,J = [0, T ],for any (x, t) ∈ Ω × J,the following conditions is established:
(ii)f, u are properly smooth. Let: p = − ∂u ∂x . So that (1) is equivalent to:
Preliminaries
We define the partition Ω = (0, 1) by δ x ,where:
Lemma 2.1.
Lemma 2.2. [5] Suppose the following conditions hold
Block Central Difference Scheme and Error Estimates
The block central difference scheme of problem
Substituting (6) into (5), we get the linear algebraic equations about U n i . It's clear that its coefficient matrix is irreducible diagonally dominant tridiagonal matrix, so the solution vector exists and it is unique.
At the point (x i , t n ), (4) can be written as:
From Lemma 2.2 we know that there exist Q ∈ S, V ∈ S (1) , and
so:
Subtracting (9) from (5), we obtain:
).
Make inner product with h i η n i on both sides of (10), and summing on i from 1 to N , we obtain
Now we will estimate one by one. By Schwarz inequality
By Lemma 2.1, we get:
By ε− inequality
By T aylor theorem we have
By (13) and Lemma 2.2,we get
By Lemma 2.2, we have:
where t n−1 < t * < t n . Substituting (12) − (20) into (11), we choose properly small positive number ε, so that
Multiply both sides of (21) by τ and summing on n = 1, . . . , L, we obtain:
By Lemma 2.2,
Hence,
By discrete Gronwall inequality, we obtain
By the initial value, we get:
By triangle inequality and Lemma 2.2, we obtain Theorem 3.1. Let u is the solution of (1) − (3), U n and P n are the solutions of (5) − (8) respectively. Assume that the grid in the solving area is splited regularly, then there exists a constant C independent h, τ ,s.t. for any 0 ≤ n ≤ L(L ≤ [ ]) we have:
